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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S84training 3 d/wk for 18 months. Bone-on-bone knee joint forces were
calculated using musculoskeletal modeling, and serum levels of Leptin
and MMP-3 were measured by ELISA.
Results: Both diet groups (D and DþE) lost signiﬁcantly (p < 0.001)
more weight than the E group (D, -8.9 kg, 9.5%; DþE, -10.6 kg, 11.4%; E,
-1.8 kg, 2.0%). At 18-month follow-up, knee compressive impulse (N*s),
a measure of total compressive load per step, was signiﬁcantly lower (p
¼ 0.0007) in the D (1069 N*s) and DþE (1054 N*s) groups compared to
the E group (1130 N*s). There were no signiﬁcant group differences in
peak shear forces (p ¼ 0.12) or peak patellofemoral forces (p ¼ 0.07).
However, there was a signiﬁcant (p < 0.05) dose response to weight
change, independent of group assignment, in shear forces with the
highest weight loss category (-32% to -10%) having the lowest peak
shear forces (Hi, 397 N; Medium, 420 N; Lo, 439 N). There was a sig-
niﬁcant (P< 0.05) between group difference in Leptin (DþE, 26.7 ng/mL
and D, 27.4 ng/mL < E, 35.6 ng/mL) but no difference in MMP-3 levels.
Both Leptin and MMP-3 showed a signiﬁcant (p < 0.05) dose response
to weight change with the highest weight loss group showing the
lowest Leptin and MMP-3 levels.
Conclusions: These data provide new support for the safety and efﬁ-
cacy of intensive weight loss in the treatment of idiopathic knee OA in
overweight and obese adults. A long-term intentional weight loss of at
least 10% of baseline body weight, with or without exercise, sig-
niﬁcantly reduced knee joint loading and serum Leptin levels.
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GAIT ANALYSIS AND REAL-VISUAL FEEDBACK FOR GAIT RETRAINING:
TOWARDS APPLICATION IN KNEE OSTEOARTHRITIS
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Purpose: Knee osteoarthritis (KOA) has been associated with abnormal
loading on the tibio-femoral joint, especially the medial compartment.
Gait retraining is a strategy to unload the knee, and thereby aims to
decrease the pain and further progression of KOA. Real-time visual
feedback onwell-chosen gait parameters (kinetic or kinematic) during a
gait analysis has potential to be effective in gait retraining of KOA
patients. Currently, knowledge about the most effective types of real-
time visual feedback on gait parameters to reduce knee loading is
lacking. The aim of this study is to investigate four types of real-time
visual feedback of respectively a kinetic and a kinematic gait parameter,
evaluating the feasibility of such techniques for gait retraining of KOA
patients. Additionally, the different kinematic strategies that individual
subjects use to reduce their knee load are investigated.
Methods: Nineteenhealthy subjects (8males,11 females; age 28.27.6y)
walked on the GRAIL (Gait Real-time Analysis Interactive Lab, Motek
Medical B.V., the Netherlands), which comprises an integrated
synchronized virtual reality system, projected on a semi-cylindrical
screen,with an instrumenteddual-belt treadmill, including forceplates to
measure ground reaction forces, and amotion capture system (Vicon B.V.,
Oxford, UK) to measure kinematics. Subjects were presented with four
types of real-time feedback (i.e. a bar, a polar plot, a color change and a
graph), on twodifferent gait parameters. Thegait parameters included the
external knee adduction moment (KAdM, reﬂecting the knee load), and
the internal hip rotation angle (a gait modiﬁcation strategy that can be
used to reduce the KAdM). Compared to a baseline recording subjects
were asked to decrease the KAdM or to increase internal hip rotation by
modifying their gaitpattern,whilekinematics andkineticswere recorded.
Results: With visual feedback of the KAdM, the KAdM Impulse (area
under the curve in %BW*Ht*s (BW¼ bodyweight, Ht ¼ height, s ¼
seconds)) decreased signiﬁcantly (bar 48%, polar 61%, color 45% and
graph 49%) compared to baseline level (Figure 1). With visual feedback
of the hip angle, the mean internal hip rotation increased signiﬁcantly
(bar :8deg, polar :10deg, color :8deg, graph :7deg), however the KAdM
did not decrease signiﬁcantly compared to baseline level (Figure 2). The
amount of change in the gait parameters was not signiﬁcantly inﬂu-
enced by the type of visual feedback.
Kinematic changes that subjects showed to reduce the KAdMwhile visual
feedback of the KAdM was provided, were a change in foot progression
angle (toe-in angle increased), accompanied with an increased step
width, and decreased hip adduction. Furthermore, knee valgus angle and
pelvis protraction increased, and maximal hip extension decreased.Conclusions: Real-time visual feedback can be used to modify gait
parameters in healthy subjects demonstrating the feasibility of such
techniques for gait re-training in KOA patients. The type of feedback did
not have any signiﬁcant effect on the decrease in KAdM. When aiming
to reduce knee load, implicit feedback of the target parameter (the
Figure 1. The magnitude of the knee moment in the transverse plane
(KMang) is more sensitive to loading differences that occur with age than
the peak adduction (KMadd) and peak ﬂexion (KMﬂex) moments.
Figure 2. The transverse plane vector is represented as a magnitude
(KMmag) and angle (KMang) that describe the contribution of the
adduction and ﬂexion moments.
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feedback via an explicit kinematic target, i.e. the internal hip angle.
One of the kinematic changes that is related to the decrease in knee
loading as reﬂected in the decrease in the KAdM Impulse, is the
increased toe-in angle. This parameter has also been suggested in lit-
erature to use for retraining of KOA patients. Future studies should focus
on the applicability of such techniques in KOA patients, and the long
term effects of gait retraining, and patient speciﬁc preferences for
feedback on different parameters.
Our ﬁndings demonstrate the potential of gait analysis and real-time
visual feedback for conservative treatment of KOA patients by KAdM
reduction, potentially postponing knee replacement.
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THE MAGNITUDE OF THE KNEE MOMENT IN THE TRANSVERSE
PLANE IS A SENSITIVE METRIC TO DIFFERENCES IN AMBULATORY
KNEE LOADING
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Purpose: The ﬁrst peak knee adduction moment during gait is often
discussed in the context of osteoarthritis and many disease inter-
ventions have focused exclusively on reducing this peak in order to
reduce one’s risk for disease progression. However, this peak does not
completely characterize the knee’s loading environment during gait; it
has recently been shown that the combination of the knee adduction
and ﬂexionmoments provides a more complete description of the loads
that act on the knee. Thus there is a possibility to introduce newmetrics
for the knee loading based on both the adduction and ﬂexion moments.
In this study, the adduction and ﬂexion moments were combined in
manner that is described by a single vector with magnitude and
direction, deﬁned in the transverse plane of the tibial anatomical frame.
We aimed to characterize this measure in an asymptomatic population
in order to gain a better understanding of its capacity to differentiate
knee loading. We hypothesized that the magnitude and angle of the
transverse plane kinetic vector are more sensitive to differences in knee
loading that occur with aging than the peak adduction or ﬂexion
moment.
Methods: Following an IRB-approved protocol, 127 healthy subjects (63
females; age: 37.211.4 yrs; BMI: 26.8 5.7 kg/m2) were tested for gait
mechanics using a 10-camera motion capture system (Qualisys, Swe-
den) and a ﬂoor-embedded force plate (Bertec Corp, OH). The knee
adduction and ﬂexion moments were calculated using an inverse
dynamics method. The ﬁrst adduction (KMadd) and ﬂexion peak
(KMﬂex) during stance were extracted. The magnitude of the adduction
and ﬂexion moments was calculated as the vectoral sum of both
moments. The peak magnitude (KMmag) and angle (KMang) of this
signal during the ﬁrst half of stance was determined. The subjects were
allocated to a younger group (39 females; age: 29.1  4.7 yrs; BMI: 27.0
 6.1 kg/m2) or to an older group (24 females; age: 50.1  5.6 yrs; BMI:
26.5  5.0 kg/m2). Group differences in KMadd, KMﬂex, KMmag, and
KMang were assessed using a two-sample t-test, with statistical sig-
niﬁcance set at p<0.05. Statistics were done with MATLAB.
Results: It was found that the older group had a higher KMadd (p ¼
0.051), but slightly above statistical signiﬁcance. The results also sug-
gest that the older group’s KMﬂex was higher, but the difference was
not statistically-signiﬁcant (p ¼ 0.078). The magnitude of the uniﬁed
measure (KMmag) was signiﬁcantly higher in the older group (p ¼
0.016) but its associated angle KMang was not found to be different
between the two age groups (p ¼ 0.439). Group comparisons for all
measures are shown in Figure 1 and group differences of KMmag and
KMang are illustrated in a 2D plot in Figure 2, while depicting the
relationship between KMmag, KMang and the adduction and ﬂexion
moments.
Conclusions: These results suggest that the combination of the knee
adduction moment and ﬂexion moment can generate a combined knee
moment whose peak magnitude (but not angle) is more sensitive to
changes in knee loading than the peak knee adduction moment or the
peak knee ﬂexion moment. The new measure represents an elegant
way to describe multiple knee moments during gait, where the mag-
nitude is related to the absolute load at the knee, and the angle rep-
resents the relative contribution of the adduction and ﬂexion moments.
As shown in Figure 2, an increased KMang indicates a larger con-
tribution of the knee adduction moment. This measure could be useful
as a single target measure for gait interventions to treat osteoarthritis.Further studies should focus on characterizing the behavior of KMmag
and KMang in an osteoarthritic population.135
CAN GAIT DEVIATION INDEX BE USED EFFECTIVELY FOR THE
EVALUATION OF GAIT PATHOLOGY IN TOTAL HIP ARTHROPLASTY?
AN EXPLORATIVE RANDOMIZED TRIAL
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Purpose: Three-dimensional (3D) gait analysis is widely used in the
quantitative evaluation of gait. However, 3D gait analysis produces a
large volume of data, and simplifying such complex data into a single
measure of patients overall gait ‘quality’ would be valuable in clinical
practice. The Gait Deviation Index (GDI), used to evaluate treatment in
children with cerebral palsy, has been proposed as such a measure. The
experience with GDI in osteoarthritis (OA) patients following total hip
arthroplasty (THA) is unknown. The aim of our study was to use the GDI
to evaluate post-operative gait quality changes in patients with hip OA
following two types of THA.
Methods: A total of 38 patients (11 females and 27 males, age 56  5.6,
BMI 27.8  3.6) with unilateral end-stage primary hip osteoarthritis
were evaluated pre-operatively, two- and six-months after total hip
arthroplasty, using 3D gait analysis while walking at self-selected
speed. Upon completion of the pre-operative assessment, the patients
were randomly assigned to either resurfacing hip arthroplasty (RHA) or
conventional total hip arthroplasty(THA). All patients were allowed
early postoperative weight-bearing, and had rehabilitation supervised
by an in-hospital physiotherapist. All patients completed the gait
evaluation at each follow-up. From the entire variability in kinematic
